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APPARATOS AND MEWIDD FOR MARKING TISSUE 



This application claims the benefit under 35 US.C 119(e) ofUS 
Provisional haent Application SN 60/023.883. filed cn August 12. 1996 The 
application is also related to o-pending application SN 0MO8.097 entitled 
Me^ anci Devices for Dera,ins c^Mai^i^ Tissue, and filed on Sepiemter 16, 
1994, which application is herein e>tpressly incorpcmed by rcferarce. 

Background of % fnyg nfitm 

This invention relates to methcxis and devices for nmking and defining 
particular locations in body tissue, particularly human tissue, and more 
particularly tdates to methods and devices for pamanently defuung the location 
and margins of lesions detected in biopsy cavity wails. 

It is desirable and often necessary to perfbrm procedures for detecting, 
sampling, and testing lesions and other abnormalities in the tissue of humans and 
other animals, particularly in the diagnosis and treatment of patients with 
cancerous tumors, pre^malignant conditions and other diseases or disorders. 
Typically, in the case of cancer, when a physician establishes by means of knom 
procedures (i.e. palpation, x<ay, MRI, or ultrasound imaging) that suspicious 
oreumstances exist, a biopsy is perfomied to detemiine whether the cells are 
cancerous. Biopsy may be an open or pen:utaneoas technique. Open biopsy removes 
the entire mass (excisional biopsy) or a part of the mass Oncisional biopsy). 
Percutaneous biopsy on the other h»id is usually done with a needle-Uke 
instn«ncTitandmaybe«theraflnen«dreaspinition(WA)or fa 
FNA biopsy, very small needles an: used to obtain individual cells or clusters of 
cells for cytologic examination The cells may be prepared such as in a 
Papanicolaou (Pap) smear. In core biopsy, as the term suggests, a core or 
fiagment of tissue is obtained for histologic exammatior which may be done via a 
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"»8Pi6 sj«», h^g su««^c c>p«UB«, ^ „ a* 

^ ^ d«=rtbed to US. 5^40.01 1. is =„,l^ 

extraamn instiumeni to the l«inn aa^^ w guioc at, 

, . ™™™«>»'cle5ica .Advantageous methods and devices for 

pafe^ng cor. biopsies are described in toe assigijee's U.S. Patent No. 
5.526,822 and oo-pending patent appUcatlons SN 08/386, 941 filed «n 

May 13, 1996. All of these pata;,s and appUcaUons arc herein expressly 
incorpcsrated by itfaxnoeL 

Depending upon the procedure being perfom^e^ it is sometimes desi«b,e 
to c«npletely remove suspicious lesions for evaluation, nWIe in other instatK^s 
.tmaybedcsi^blctoremoveonlya^lefromthe lesion. In the former ca^ 
a major pioblen, is the ability to define the margins of the lesions at all times ' 
dunng the extraction pro^. Y^bUlty of the l«,ion b>. the imaging system 
may be hampered because of the distortion created by tiv. cxt«=.icn p^Kess 
itself as well as associated bleeding in the surrounding tissues. Although the 
lesion IS removed and all fluids are continuously aspirated fiom the extraction 
sue. It is likely that the process will "cloud" the l«ion. thus impairing exaa 
recognition of its margins. This makes it difficult to ensure that the entire 
lesion will be removed 

Often, the lesion is merely a calcification detived from dead abnormal 
tissue, which may be oncerous or precancerous, and it U 

only a sample of the lesion, rather than the emire lesion, to evaluate it This 
IS because such a lesion actually serves to mark or defme the location of 
adjac«t ahnomial tissue, so the physician does not *ish to renwve the entire 
lesion and thereby lose a critical means for later re-locating the affected 

tissue 0"eofthe benefits to the pati«,tfr6m core biopsy is that the mass of 
the ussue taken is relatively small. However, ofientimcs, either inadvertently 
or because the lesion is too small, the entire lesion is removed for evaluation, 
even though it is desired to remove only a portion, -nien. . if subsequent analysis 
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indicates the tissue to be malignant (malignant tissue requires removal, days or 
weelcs later, of tissue around (he immediate site of the original biopsy), it is 
difficult for the plyadan to detemiine the precise locaUoi of the lesion, in 
order to perform necessary additional procedures on atyacem potentially 
5 cancerous tissue. Additionally, even if the lesion is found to be benign, there 
will be no evidence of its location during finure examinations to maA the 
location of die previously removed calcification so that the affected tissue may 
bs carefully monitored for future reoccunmces. 

Thus, it would be of considerable benefit to be able to pennanently mart: 
the location or margins of such a lesion prior lo or Immediately after removing 
or sarnpling same. Marking prior to removal would help to ensure that the entire 
lesion is excised, if desired. Alternatively, if the lesion were inadvertently 
removed in its entirety, maridng the biopsy site immediately after the procedure 
would enable re-establishment of its location for future idenUfication. 

A number of procedures and devices for marking and locating particular 
tissue locations are known in the prior ait For example, location wire guides, 
sudi as that desmbed in U.S. Patent No. 5,22i;269 to Milla et al, are well 
known for locating lesions, particularly in the breast. The device described by 
Miller comprises a tubular introducer needle and an attached wire guide, which 
has at its distal end a helical coil configuration for locking into posiuon 
about the targeted lesion. The needle is introduced into the breast and guided 
to the lesion site by an imaging system of a knovwi type, for example, x-ray, 
ultrasound, or magnetic resonance imaging (MRI), at which time the helical coi! 
at the distal end is deployed about the lesion. Then, the needle may be removed 
from the wire guide, which remains in a locked position disuUiy about the lesion 
for guiding a surgeon down the wire to the lesion site during subsequent surgery. 
While such a locaUon system is effective, it is obviously intended and designed 
to be only temporary, and is removed oncSe the surgery or other procedure has been 
complied. 

Other devices are known for marking external regions of a patient's skia 
For example. U.S. Patent No. 5,192,270 to Caiswdl, Jr. discloses a sxwige which 
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a colon«t to giv^ a visual indication on the surfece of the sJdx, of 

5.147307 to GltK^lc cfascbses a device v^h has patterning elements for 
irr^mg a temporaor marie in a paUcnt's skin, for guiding the location of an 
> mj^uon or belike. It is also kno^t. to tape or othen^cLJTsI^^^ 

^ '^^^ a 3 rdUimeter dian>et. lead sph«. on the skin of a hun«n 
brast w order to delmeatetbe location of skin calcifications (see Hon«r et 
4 TAe Gecgnpfuc Ouster qf mcrocdciftcc^ior^ of the Br^, Suqhv. 
Gvn«olof > vfl>mrtna Dec«„bcr 1985). Obviously, ho>^er. none of thcs- 
apFoaches a^^ useful for marking and delineating i«cmal tissue abnonnaJities. 
such as lesions or turaois. 

Still another approach for marking potential lesions and tumore of the 
breast is described in U.S. Patent No. 4.080.959. In the described pmccdur^ 

the skm of the portion of the body to be evaluated, such as the breasts, is 
coated with a h«t smsitive color-responsive chenucal, after which that portion 
of the bodj' is heated with penetrating r«liaUon such as diathermy. Then, the 
coated body portion is scanned for color changes whidi would indicate hot spots 
beneath the skin surface. "Hiese socalled hot spots may represent a nunor or 
lesion, ^.tuch does not dissipate heat as rapidly because of its relatively poor 
blood cireulaUon (about 1/20 of the blood flow through nonnal body tissue) 
This method, of course, functions as a temporary diagnostic tool i^er than a 
permanent means for delineating the location of a tumor or Icsioa 

A method of identii^ing and treating abnonnal neoplastic tissue or 
pathogens within the body is described m U.S. Patent No. 4.649.15 1 to Dougherty 
et al. In this methai. a tumor-selective photosensitiang drug is introduced 
into a patient's body, where it is cleared finm nomial tissue faster than it is 
cleared from abnormal tissue After the drug has cleared nomal tissue but 
before it has cleared abnonnal neoplastic tissue, the abnomial neoplastic tissue 

may be located by the huninescence of the drug within the aanom^ tissue TTtt 
fluorescence may be observed with low intensity light, some of whidi is within 
the dnjg-s absortence spectrum, or higher intensity light, a portion of which is 



U2- 16/89 



Tl^ 11:36 FAI 



lg;uUS 



10 



15 



20 



25 



30 



wo 99^346 

PCT/US97/134W 

not in the driig-sabsorbance spectrum. Once detected, the tiisue may be 
destroyed by farth^ application of higher intoisity light having a ftrquwcy 
wthm the absortance ^roum of the dru^ Of come, this method also is only 
a temporary means for marking the abnomul tissue, since eventually the dmg will 
5 clear from even the abnonml tissue. Additionally, once the abtMnnal tissue has 
been destroyed during treatment, the marker is destroyed as well. 

It is also Imown to employ biocompatible d>«s or stains to mark hrrast 
lesions. Fiist. a syringe coiitaining the colorant is guided to a deteaed 
lesion, usmg an imaging ^tenv Later, during the extraction procedure, the 
surgeon harvests a tissue sample fitrni the stained tissue. However. whOe sudi 
staining techniques can be effective, it is difficuh to pi«:isdy localize the 
stain. Also, the stains are difficult to detect fluoroscopically and may not 
always be permanent. 

Additionally, it is known to implant martei^ directly into a patient's 
body using invasive surgical techniques. For example, during a coronary artery 
b>^ graft (CABG). >viiich of course constitutes open hean surgery, it is common 
ptactice to surgically apply one or more radiopaque rings to the aorta at the 
siie of the graft, TTiis enables a practitioner to later return to the site of the 
graft by identifying the rings, for evaluative purposes. It is also common 
practice to mark a surgical site with staples, vascular clips, and the like, for 
the purpose of future evaluation of the site. 

A technique has been described for the study of pharyngeal swallowing in 
dogs, ^^ch involves pcnnanently in^lanting steel marker beads in the submucosa 
of the pharynx (S.S. Kramer et al. A Pema^t RaHopajue Marker T.chmqvefor 
^StudyofPha^f^alSy^dlo^ir;SinDoss,:iiS^ l,pp. 163-167. 
1987). T^e article posits that the radiographic stud>' of these narfar beads 
during swallowing, on many occasions over a substantial period of time, provides 

abetterunderstandingofthc pharyngeal phaseofdegluititionin humans. Inthe 
described techruque. the beads were deposited using a metal needle cannula having 
an intcrtBl diameter slightly smaller than the beads to be implanted. When 
suction was applied to the cannula, the bead sat firmly on the tip. Onccthc 
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b^l-tipped cannula ^^ insencd thnx.gh dssu, the sucti«, was Ixxtea thc^ 
releasing the bead, and the cannula withdrawn. 

A°««fi"g^y.^i^r«dfidisan«hadanddeviccfornoi«^^^^^ 
''^gpcncntiallypcma^itnia*^ 

' abnon^. ^ for the purpose of defining the margins of a lesion before it is 
.nnovedaad/ortoeslab.ishit.ioca.k.a^ ^^^^ 

should be easy to dq)lqy and ea^ly detected using state of the art imaging 
techniques. 
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IWs invention solves the problems noted above by providing an 
•mplantable maddng device which is designed to pertrutaneously deliver permanent 
naricers to desimd tissue locations within a patient's body, em, if the desired 
locations are laterally disposed relative to the distal end of the dclivoy 
dc^ce. as is the case for conduit or cavity walls. The device allows the 
physician to accurately position and deploy a radiogr:,phic clip at the site of a 
biopsy. This provides several advantages to the physician in diagnosis and 
management of tissue abnonnalities. such as a means of localiatbn of a tissue 
abnormality for follow-up surgical treauncnt, and a means of tissue abnomiality 
site identificaiion for purposes of ongoing diagnostic follow-up. It may also 
prevent inadvertem rqjeat biopsy of a lesion if the patient w^.. to move or if 
adequate records did not follow the patient The inventive system also 
•represents a less traumatic means for tissue marking and a reduced ptXK:edural 
duration i^elaUve to the standard open surgical method. 

A second aspect of dte inventive system comprises a unique tissue matlcer 
delivery assembly, available from the jrtsent assignee, Biopsys Medical. Iik. 
this assembly includes a radiographic clip (hat is configur«l in the form of a 
surgical staple. Also incorporated in the tissue marker assembly is a disposable 
applier. The applicr provides a flexible lube, deployment mechanism, and squeeze 
handle as a means to advance and deploy the dip to a desired tissue location 
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In a first embodiment of the imcntion, a flexible tissue raaricsr 
introducer Is employed. TT« flexible tissue marker inboduccr bcotporates a 
flexible tube that allows the physician to access and deliver the tissue matte- 
through a cassette housing on die biopsy probe. Additionally, the introducer 
5 ««P'oys«'fistal tip ramp feature which enables the tissue m^^ 

laterally out of a laterally facing sample notch at a dista! end of the biopsy 
probe, so that the tissue matter can be fixed to the side wall of the tissue 
cavity. One important im«eniive feature is the inclusion of an orientation mark 
on the hub of the introducer to allow the physician to obtain the desired 
10 placement position at the biopsy site. 

In a second embodiment of the invention, a rigid introducer is utilized 
rather than a flexible introducer, so that the bioisy power driver and probe is 
not necessary to provide a rigid fixed position access channel for the maricer 
delivery system. This embodiment is particularly useful when the biopsy power 
15 driver and probe being used is too small to accommodate the aforemcndoned 
flexible introducer, and an alternate access and delivcty means is required. -Hie 
rigid introducer of the invention may be utilized with or without a distal end 
ramp feature, depending upon whether lateral deployment of the maricer is 
required. 

20 TTic invention, together with additional features and advantages thereof, 

may best be understood by reference to the following description taken in 
conjunction with the acctntipanying illustrative drawing. 

Brief Dwrrirtion of the IWiiip 

Fig. I is a p«aspecUve view of a first embodiment of the invention. 

25 '"""rating an arrangenm for delivering and deploying a tissue maricer 
a flexible introducer, utUizing a motor-driven biopsy pit>be of known 
construaion as an access conduit; 



Fig. 2 is a perspective view similar to Fig. 1, vtein the driver 
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of the motor^cn biops>' probt has bex:n deleted in order to better isolate the 
flexible introducer and tissue marker applier; 

Fig. 3 is a side devational view of the flexible introducer and tissue 
marker applier illustrated in Figs. 1 and 2; 

Fig. 4 is a ooss-sectional view of the distal end portion of the 
flexible introducer illustrated in Fig 3; 

Fig. 5 is a perspective view of a second embodiment of the present 
invention, illustrating an arrangement for delivering and deploying a tissue 
marker throu^ a rigid introducer, 

Fig 6 is a cross-sectional view of a one-piece marking device 
constructed in accordance with the p,i«:iplc5 of the present invention; 
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Fig 7 is a CTOss-sectional view similar to Fig 6. illustrating the 
piece maricing device as the marter thereof is being pulled back against the 
forming die for partially dosing tiic marker, and 

Fig. 8 is a ooss-seciionB] view similar to Fig. 7, illustrating the 
marker as it Is sqwated from the remainder of the marking device and deployed 
to mark a desired tissue site. 

Detailed rw^^ripHnn «f rrr'fntinn 

Refeffing now moK particularly to Fip. M. a fust embodiment of an 
•mnxlucer 10 (best seen in Fig 3) for delivaing tissue markeis 12 (Fig. 4) to 
a wall 14 of a biopsy cavity 16 is ilhcttated. As discussed in related 
application SN 08/308,097, tissue markers 12 are preferably comprised of a non- 
magnetic radiographic material, and are preferably constructed in the form of a 
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Clip, or surgical staple, to facilitate attachment to the tissue they are 
intended to identify and to provide an easily recognized shape vAidi would not be 
mistatea for another lesion. In the prefeired cmbodiniem. the maxinum width of a 
tissue maiker 12 is within a range of approximately .030 inches -.050 inches, and 
5 preferably about .039 inches (1 mm). To place the marker 12 at a desired ti^ue 
location, a biopsy power driver andprobe 18 is preferably used, such as the 
M/^TOME^power driver and probe manufectured and sold by Biopsys Medical, 
Inc., oflrvine, California, the assignee of the pt«cnt applicatbn. As 
described, for exampl,^ in U.S. Paent No. 5.526,822, previously incorporated 
herein by leferencc, the biopsy power driver and probclS comprises a driver 
housing 20, a hollow outer piercing needle 22 having a distal pieroni md 24, 
and a tissue cassette housing 26. The hollow oiiter piercing necdie 22 includes a 
laterally facing tissue receiving port 28 near its distal end. The biopsy power 
drivff and probe IB is operated to obtain a tissue sample by first moving the 
distal piercing end 24 of the needle 22 into position to piew the lesion or 
selected tissue which is to be sampled, using a knovsn imaging doice. such as a 
stereotacUc imaging unit. Tlien. a vacuum may be drawn through a vacuum pott 30 
(Fig. 1) of the tissue cassette housing 26, and through the hollow needle 22 to 
create a negative pressure condition at the tissue receiving port 28, thereby 
drawing tissue into the port, where it is severed by an inner cutting cannula to 
capture a tissue sample. The tissue thai is captured within the inner cutting 
cannula is transported proximallj' in an intact fashion by retracting the cutting 
cannula (not ^wn) rearwardly, preferably to a slot 32 (Fig. 2) in the tissue 
cassette housing 26. A plurality of tissue samples, from different orientations 
25 in the \'icinii5' of the tissue receiving port 28, may be obtained without 
withdrawing the needle 22. 

Once the desired tissue samples have been captur«l. thaefay creating the 
biopsy cavity 16, it is oftai desirable to accurately position and deploy a 
permanent marker at the site of the biopsy. This provides several advantages to 
30 the physician in diagnosis and management of tissue ahnormaliues. For example, 
suitable permanent marking of the biopsy site provides a means for relocalizing 
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the «na Of a tissue abnon^tlhy for foil a«.up surgical treatmm. in the event 
the biopsj- pathological results are positive It also provides a means of Ussue 
abnormality site identification for the purpose of ongoing diagnostic fbllowH^p 
To .mplant a maricer in the cavity .vails 14. ho^^cr. n:quires a marker delivay 
sj«em ^ch pcnnils accurate lateral discharie of the marker. 

TTie present invention is particularly advantageous in that it utilizes 
the lumen of the hollow outer placing needle 22 as the marker delivery conduit 
Thus, subsequent to the biopsy prxKedure. while the prx)bc 34 (Fig 2) is still 
insmed within the patient's body at the biopsy site, it may be utilized as a 
f«ed position, rigid, annular conduit for delivay and deployment of the tissue 
marker 12. that the prcbe 34 never leaves the biopsy site ensures 

accurate delivery of the marker to the caviry 16, ^Ic also ptxmding a less 
traumatic and quicker tissue marking proc^ than the standard open surgical 
methods. 

With particular reference now to Hg, 3, the flexible introducer 10 of 
the present Livention is iUusuated, The introducer 10 comprises a flexible 
rube 36 having an opening 38 adjacent to its distal end and a hub 40 at its 
proximal end. As illustrated in Fig. 4, a plug 42 is disposed at the distal end 
of the flexible tube 36. which plug inchides an angled, sloping ramp 44 on a 
Foximal end &ce thereof Ihe flexible tube 36 of the flexible inooducer 10 is 
adapted to receive a flexible tube or deployment shaft 46 of a disposable tissue 
tmikerapplier48. TT^c applicr 48 comprises a squeeze handle 50 on its proximal 
end, xvhkdi has a ring 52 to which is attached a pull wire 54. TTie pull wire 54 
exiends throu^the lumen of the deployment shaft 46, and is attached at its 
25 distal end to the marker 12 (Fig. 4). 

To deploy a marker 12 into the cavit>' wiall 14, the flexible tube 36 of the 
introducer 10 is inserted into the hollpw needle 22 of the probe 34 through the 
tissue cassette housing 26, until the hub 40-abuts the tissue cassette housing 
26. as illustrated in Figs, i and 2. Once folly inserted. Lhe hub 40 is rotated 
by the physician until an indexing made or notch 56 (Fig. 3) is ptoperiy 
oriented, thereby ensuring that the introducer 10 is circumfermially aligned 
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within the probe 34. 

After the flodble tube 36 of the flodble inHoduor 10 has been 
ulscrted into the probe 34 and poperly oriented, in Ae n«nner described above, 
the tifisuc marte applier 48 „«y be advanced into the lumen of the introducer 10 
« .Ilusti^ed in Figs. 1 «nd 2, so that the distal ex^ th««f exj^ ^ ' 
notch 38 and tissue receivii^ port 28, extending into the cavity j 6 
(alternatively, the applia 48 „ay be first inserted into the intmducer and 

then the intn>duoer .nay be inserted into the probe 34. if desired). Animporlant 
aspea of the invcmion is the use of the ramp 44 to direct the flexible 
deploymerrt shaft 46 .^ially out^.:a^dly from the notch 38 so that the maricer 12 
d«^ed at the distal end of the shaft 46 may be laterally transported to the 
cavity wall 14 for placement. Once the «arl« 12 is disposed at a d«i,«l 
n«riang location, the squee« handle 50 is squeezed by the physician so that the 
pull ^ire 54 is retracted by the squeezing motion sufKciently to break the pull 
wjte, thus releasing the inaikerl2 for implantation into the target tissue 14 

Once the marker has been implanted, the flexible deployment shaft 46 may 
oe withdra>^ from the introducer 10 and discarded, ^v^uIe a new applier 48 is 
.nsertedmto the introducer to implant a seand marker. As many maricers as 
desired may be implanted, following which the hub 40 may be counter-rotated 90- 
270 degrees and die entire probe 34 withdraw, from the patient, if it is desired 
to marlc various locations about the cavity wall 14. the probe needle 22 may be 
rotated betw«„ marker implantations to change the orientation of the tissue 
receivmg port 28, using Ae thumbwheel 58. Additionally, the axial position of 
the port 28 may be adjusted, if deshed. 

Refaring now to Fig. 5, a second embodimerrt of the inventive mtroducer 
mechamsm is illustrated. . In this embodiment, like elements to those of the 
fn3t embodiment are designated b>- like reference numerals, followed by the 
Isttera. 

-n« significant difiference between the first embodiment. iUustr^ jp 
F.gs. M, and the embodiment of Fig 5. is that the intrtxlucer 10a is rigid, 
rather than flexible. The flexiWe introducer 10 of the first embodiment is 
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acce^mcchamsm. Tl««fore, the fl«ibbcharaacri«b of thetube 36 is 
^n«dIe22.v.athct.ssuc«^«tehou^26. This embcdhnen, ^ori. ^ 

-uf^t^ ^ Biop^ Medical. I... ti. assignee, example ' 
Ho^^. the flexible 36 is too to be tl«^ tl«^^ 

Thcre^, the second cntbodime« has been developed to provide a stand alone 
access device for introducing the tissue tnaricer applier 48a. 

^^gidinmxlucer 10a illustrated in Fig. 5 coinprises a rigid ^ 
having a piercing distal end 60. a distal laterally feeing opeaing 38a, and a 
reinp 62. Since, in this embodin^t, the imnxlucer is not ddh^-red ihmuah 
another access devi=^ but rather is isdf an access device is p^^erably 
loaded onto an int«)ducer needle mount 64. so that the shaft 36a is disposed in a 
^ d^annd 66 of the nx^nt 64. and held in position means of cover ponion 
68. The b.oj^ pn*e and driverlg are removed from the imaging svstem (not 
shown), typically a stereotactic table available from Fischer Imaging. 'inc. or 
fix,™ U^rad. Inc. TTk probe guide holder (not sho,vn) is replaced by the loaded 
-txoducerneedle mount 64. TT« introducer is then advanced to the des^r«i 
tissue sampling site, following whidi the tissue marker appJier is insetted 
through the introducer cannula to an appropriate depth marfc to aUow the distal 
up d,p to extend over the ramp 62 and to exfaKl laterally sufficiently for to 
p.a«Ussua ""^^ handle 50a is then stpieezrd in the mamier discus«^ 
deploy the distal tip dip 12. Then, the disposable applier is removed 

Alternatively, the introducer 10a may be utilized without LHe ramp 62. in 
the case vvhere lateral placement of the marker with respect to the introducer 10a 
is not required 

A particularly advantageous embodiment of the present invention is the 
employment of a one-piece marking element 70 (Figs. ^8). comprising a marker 12b 
and a marker closing ribbon or pull wire 54b which are comprised of a single 
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pieoeofwiic I" this particular nmker anbodimeni, the single piece 
el«nmt 70 is prefeably ftbricated of a single piece of sheet material, ideally 
using a photochemical etching process to elinnnate any fabrication and thmnal 
stresses fiom being introduced into the part The single^piece element is 
5 fabricated such that a weak spot or feilure point 72 (Figs. 6-7) is disposed at a 
location on the marking element which will break at a predetermined load after 
the legs 73. 74 of the marker have closed down and gripped the tissue to which the 
marker 12b is to be aaached. TTius, as illustrated in Figs. 6-8, a forming die 75 
is provided which is disposed proximally of the marker portion I2b of the single- 
piece marking element 70. The failure point 72 is disposed berveen the ibrming 
die 75 and the marker 12b, at the distal end of the pull wire 54b. To deploy the 
marker I2b into the target tissue, a pulling fon=e is appUed pmximally to the 
pull wire 54b, in the direction shown by an-ow 76. This pulling fon:e may be 
applied, for example by a squeeze handle 50 like that shown in Figs. 1-3 and 5, 
or by some other means. This proximal pulling force causes the marker portion 
I2b to travel proximally to a point where it impacts the distal end of the 
forming die 75, as illustrated in Fig. 7. Cominucd proximal pulling forces on 
the pull wire 54b results in closure forces being applied a^ the legs 73, 74 
of the marker portion 12b. Ultimately, as illustrated in Fig. 8, continued 
applicadon of a proximal pulling force on the pull wire 54b will result in 
breakage of die pull wire 54b at the feilure point 72, so that the matka 12b 
becomes separated therefrom, with the legs 73, 74 of the mad«r being closed upon 
the tissue desired to be marked 

While the inventive marking element may be round in aoss-section. in its 
preferTBd embodiment, the maridng element 70 is fabricated of irctangular stock, 
which has been clamped at each end and nvisted along its length. The inventors 
have found that, absent the twisdng step, the sharp edges of the rectangular 
stock tend to snag against the sides of the tube 46 (Fig. 3) as it is being pulled 
therethrough. Twisting, on the other hand, has been found to soften the edges of 
the stock sufficiently to ease passage of the pull wire 54b through the tube. 

While this im/emion has been described with respect to various specific 
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following claims. 



14 



02 16/9? TUE il:40 FAX 



WO 98^46 



is clainied ist 

A 

A on^plece marking ^jparatus for defining a particular tissue 
locatian, con^sing: 

a marker element; and 

a pull vnir^ having a distal wd and a proximal end. the maricer element 
being atiadred to the distal end of the pulj wire; 

yAvsiein the maricer clement and the pull wire are comprised of a single 
piece of sheet material. 

2. The one-piece marking apparatus recited in claim I, and fiinher 
comprising a fonning die disposed proximaily of said maikcr dement, the marker 
clement comprising first and second legs and the forming die comprising fiisc and 
second forming faces corrssponding to each of said Hist and second legs, such 
that when said pull wire is pulled in a proximal dii«aion, said first and Kscord 
legs are pulled proximally against said first and second forniing faces of said 
forming die. 

3. "n^oneijiece marking apparatus recited in claim 2, and fijrther 
comprising a predjsigned failure point disposed in the distal end of said pull 
wire, just pro>dmal to said marker dement, wherein ^^en the pull wire is pulled 
in a pKBdiml direction, said first and second legs are puUed proximally against 
said fust and second forming feces such that said le^ close inwardly towaixl one 
another, attaching ID adjacent tissue to be marked as they dose, the proximal 
pulling force on said pull wire causuig said predesigned failure point to yield 
when said maricer element is attached to said tissue so that said marker dement 
and said pull wire become separated from one another. 

4. Hie one-piece marking apparatus recited in daim 1, and further 
comprising a predesigned failure point disposed in the distal end of said pull 
wire, just proximal to said marker, sakj failure point being adapted to fail. 

15 



C£.a6 '99 TLTE il:40 FAX 



@U19 



5 



PCT/US97/X3496 

predetemiined pulling force on said pull wire. 

single p,ece of sheet material comprises laxangular stock. 

6. The one.piece rmricing apparatus recited in claim 5 «*,a«n 
redangular stock is twisted 3, w*,awn said 

mariccr !i '^'^"^ ^ ^' ^hei^ said 

raariccr element has a width of less than 0.1 inches. 

marker ^""^ " '^'^ 

marker demmt has a maximum width within a range of .03f>..050 inches. 

_ 9. A n^thodofmaking a marking apparatus for defining a particular 
tissue location, comprising the steps of: ^«^•cu.ar 

a piece ofshe^t material having a pmximale^d^ 

aistal end; 



and 



fomiing a mariner dement having first and second legs cn said distal end; 



prwiding a predesigned feilure point in said sheet material just 
proxmial to said marker. «id iaihire point being engineei^ to lai, ^ a 
predetermined pulling force is applied on the proximal ^.d of said smei. piece 
of sheet material, thereby separating the marica element fiom the remainder of 
the marking apparatus, 

10 '^*'™'h'^°f"^g» marking apparatus as recited in claim 9 
herein the step of providing a single piece of sheet material includes providin 
a single piece of rectangular stock. 
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n. The meUiod of making a marking apparatus as rrdted in claim 10 
and fertho- oomprising the step of damping the single piece of rectangular stock 
at both ends and twisting said rectangular stock. 

12. The method of making a maricing apparatus as recited in claim 9 
wheitm the step of providing a single piece of sheet material includes the step 
of usmg aphoto*emica| etching pmcess to fabricate the one^jiece marking 
(^paratusi 

13. A device for maridng a particular tissue area \vithin a body to 
Identify said partiailar tissue area for a later diagnostic or therapeutic 
procedure, comprising: 

a marker clement; 

an apparatus for remotely deltvering said marker element fiom outside the 
body to the partiailar tissue area, comprising an introducer having a tube 
wherein the tube has a lumen, a distal opening and a proximal hub. 

14. The device for marking a particular tissue area as recited in 
claim 13, the ^paratus for remotely delivering said marker element further 
comprising a flexible marker dement applicr. 

15. "nie device for maridng a particular tissue area as redted in 
claim 14. the flexible marker element applier comprising a fl«ible deplovment 
shaft having a lumen, a distal end, and a proximal end. 

16. The device for raaridng a particular tissue area as recited in 
claim 14. and further comprising a handle on the proximal end of the flexible 
deployment daft. 

17. The device for maridng a particular tissue area as recited in 
claim 16. wherein ihe flexible marker element applier fmher comprises a pull 
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wire attached to said handle, the wire extending distally through i 

Oe..e d^ W .Ha, a dls^^Ze p^lt^H^ .tj^^^^ 
• sa,d n^dcer elen«n^ sue* U«t when s^d bndle is acu^ , 

force is exerted by the handle on said pull wire. """^ ' P^"''' P""'"^ 

18. T^<levi« for niaridng a particuter tissue area as recited 
c.«n. 1 7, said hanc«e conpising a s<,ee. ha^, wherein IZI I 

^s^g aoion to cause a ptoxin.: p,„,, , ^ ^ ^„ 

19. Tl*^ device for maridng a panicular tissue area asreciuxl in 

17. w^n the mark, element ^ t^. pu„ ^^re are comprised ofa single 
piece of sheet material. «5ingic 

20. device for maridng a particular tissue area as recited in 

da,m 19. and funhcr comprising a fomung die disposed pn«imally of said maHcer 
element, the maricer element comprising first and second legs and the forming die 
compn^g first and second fon^ng faces c^responding to «ch of .aid f Jand 
sc«»«i legs, such that Hten said pull wire is pulled in a proximal direction, 
smd first a.nd second legs are pulled proximally against said fust and second 
forming faces of said forming die. 

21 . The device for maiidng a particular tissue area as recited in 
da™ 2a a.^1 fiirther comprising a predesigned failure point disposed in the 
oistal ^ of said pull wire, just proximal U, said marfcer element, wherein wte, 
the pull Hire is pulled in a preximal direcUon. said fi„t and second legs are 
pulled proximally against said first and second fomung faces such that said legs 
dose mw^y toward one another, attaching to adjacent tissue to be marked as 
aiey d05«. the proximal pulling foree on said pull wire «using said predesigned 
ferlure pomt to yield when said marker element is attached to said tissue so 
that said marker element and said pull wire become ^arated from one another 
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22. The device fiffmaricing a particular tissue area as recited in 
claim 19. and further comprising a predesigned failure point disposed in the 
distal end of said puU ^viIc just proximal to said marica. said feilure point 
being adapted to feil, separating said marker element fiom said pull wiie, upon 
application of a predctemiined pulling foree on said pull wire. 

23. The device for marking a particular tissue ansa as recited in 
claim 19, wherein said single piece of sheet material comprises rectangular 
stock. 

24. Tltt device for narking a particular tissue area as Incited in 
claim 23, wherein said rectangular stock is twisted. 

25. The device for marking a particular tissue area as recited in 
claim 13, wherein said marka dement has a width of less than O.I inches. 

26. The device for marking a particular tissue area as recited in 
claim 25, wherein said marker element has a maximum width within a range of 
.030..0SO inches. 

27. The device for marking a particuiar tissue area as recited in 
claim 13, uterein the distal opening on the introducer tube is oriented 
IflKralty. 

28. The device for marking a particular tissue area as recited in 
claim 1 3. wheran said proximal hub inchidcs a means for indexing the 
circumferential orientation of the introducer. 

29. The device for marking a partiojlar tissue arza as recited in 
claim 15. wherein said flexible deployment shaft is inscttable through the lumen 
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of said introducer tube for t^nsporting said maricer elem=«t to said particular 

30. The device for maridng a particuiar tissue area as wcitsd in 
claim 29. whettin the introducer tube is comprised of a flexible i^teml. 

31. -nie device for nwrking a particular tissue area as recited in 
claim 30, said device furtha comprising a rigid annular conduit having a distal 
openmg. said rigid annular conduit being adapted for entty into said body using 
an ».ded visualization device. Mtein the distal opening of the conduit Is 

5 disposed adjacent to said particular tissue ama. said flexible inuoducer tube 
being insertable into said rigid annular conduit such that the distal end of the 
flexible introducer tube exits said rigid annular conduit through the distal 
opening thereof thereby transporting said maricer element to said panicular 
tissue area. 

32. "Hie device for nwking a particular tissue area as recited in 
claim 31. wherein said rigid annular conduit comprises a biopsy power driver and 
probe. 

33. the device for marldng a particular tissue area as recited in 
claim 30. and forther comprismg an angled nmip disposed at the distal end of the 
flexible introducer tube, adjacoit to the distal openmg on said tube, said «mp 
functioning to cause said flexible deployment shaft to exit the nabe distal 

5 opening in a generally lateral direction with respea to the orientation of the 
inlroducer tube. 

34. T^ie device for marking a particular tissue area as recited in 
claim 29, wherein said in-joduccr tube is comprised of a rigid material. 

35. The device for marking a particular tissue ansa as recited in 
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claim 1 3, vAicrmi the distal end of said intoducet tube is adapted for piercing 
and enrcrinfi said body, such that the distal opemng thereof is disposed adjacent 
to said particular tissue area. 

36. The device for marking a particular tissue area as recited in 
claim 35, v*erein the introducer tube distal openmg is oriaited generally 
laterally. 

37. Tlie device for iMridng a partiailar tissue arta as Ttc^^ 

claim 36, and fiirther comprising an angled ramp disposed at the distal end of the 
introducer tube, acSacent to the distal opening on said tube, said ramp 
fiinctioning to cause said flcDdble deployment shaft to exit the tube distal 
5 opening in a generally lateral direction with respect to the oriortation of the 
introducer tube, 

38. The device for maridng a particular tissue area as reched in 
claim 34, and further arjpising an introducer needle mount foe holding said 
imroducer tube as it is guided into the body. 

39. A marker element appKer for applying a nnarkcr element to a 
particular tissue area in order to mark said area for a later diagnostic or 
ther^jeutic procedure, comprising: 

a marker element; 

5 a flejcible dcplo>inent shaft having a lumen, a distal end, and a proximal 

end; 

a handle; axid 

a pull wire attached to said handle, the wire extending distally through 

"'T°^'-'-:aiiiiHiiii!iii 

10 atadied to said narker element 



40. 



The device fyr marking a particular tissue area as recited in 
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^ cc^ . , 

piece of sheet material. "h««^ or a single 

42. device for markmg a particular tiauean^ as recited in 

^ ^ n^rfccr donent con^i„, fot s«:and legs «^ th. fonring die 
-^u.g fin. and seco«i fanning fe«s ««csponding to cac* of said fbstL 
^ le^. such that v*en said pull ,^re is pulled in a p««imal di:«,5«, 
sa,d first and second legs arc pulled pn«in«lly against said fi,^ and scc»nd 
lormjng feces of said forming die, 

43. Hie device for marking a particular tissue ar«a as n«ted in 
claun 42. and farther comprising a pnadesigned fiiilure point disposed in the 
dmal end of said pull wfr, just pmximal to said marker dement, herein ^ 
the pull wire is pulled in a proximal direction, said f«st and second legs are 
pulled proximally against said fust and second fonning feces such that said legs 
close inwardly toward one another, attaching to adjacent tissue to be marked as 
^qy close the proximal pulling force on said pull v^dre causing said predesigned 
failurr point to yield ^ said marker element is attached to said tissue so 
that said marker dernent and said pull wi« beco™ sepa.^ fio„ 

44. Ihe device for marking particular tissue ai^ as recited in 
claim 41. and farther comprising a pr«tesigried feilur,, point disposed in the 
distal end of said pull wire, just proximal to said marker, said feiiure point 
bang adapted to fail, separ^g said marker element ftom said pull wi« upon 
application of a predetennined puUing force on said pull ^-ire. 
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45. TTie device for marldng a particular tissue area as recited in 
claim 41, wherein said single piece of sheet nutterial comprises rectangular 
stock. 



46. The device for marking a particular tissue area as recited in 
deim 45, wherein said rectangular stock is twisted. 

47. The device for maiidng a particular tissue area as recited in 
claim 39, wherein said natker element has a width of less than O.I indies. 

48. The device for marking a particular tissue aiea as recited in 
claim 47, wherein said marker element has a maximum width within a range of 
.030-.050 inches. 

49. A method of marking tissue in a body to identify a selected 
location for a djagnostic or therapeutic procedure, the method comprising; 

manipulating an introducer tube into said body, so that a distal end of 
the introducer tube is disposed at said selected location; 

inserting a flexible deploymsnt shaft of a flexible marker element 
applicr into a lumen of said introducer tube, such that a distal end of said 
deplqjroent shaft exits the introducer tube through a distal opening in the tub^ 

pulling proximally on a pull wire extending through a lumen of said 
dq>loynient shaft, the pulling action on said wire causing a maiker element to 
disengage fiom said maiker element applierand lodge in tissue at said selected 
locatioa 
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